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Objectives. This study was undertaken to compare the relative 
power of the severity of angina versus that of any other clinical, 
electrocardiographic (ECG) and angiographic findings in predict- 
ing the risk of subsequent in-hospital coronary events in patients 
admitted to the coronary care unit for treatment of unstable 
angina. 
Background. The presence or absence of chest pain has tradi- 
tionally been used to guide management and therapy of unstable 
angina. However, recent studies raised the possibility that the 
cumulative duration of ischemia may be an additional index of 
prognosis. 
Methods. We studied 104 consecutive patients admitted to the 
coronary care unit because of unstable angina. Diaries of symp- 
toms were accurately kept. All patients underwent Holter ambu- 
latory ECG monitoring during the 1st 24 h and angiography 
within 1 week of admission. 
Results. During the hospital stay, 41 patients (group 1) had 
subsequent coronary events; the remaining 63 patients (group 2) 
had a good clinical outcome. Recurrence of chest pain after 
admission was observed in 76% of patients: 36 of the 41 group l
patients (sensitivity 88%) and 43 of the 63 group 2 patients 
(specificity 32%). Anginal scores (frequency and persistence of 
pain, duration of each single episode and pain-free interval) 
showed high specificity but low sensitivity for detecting evolution 
toward subsequent coronary events. On Holter monitoring, the 
duration/24 h of the total number of ischemic episodes was 
consistently greater in group 1 than in group 2. A cumulative 
duration of ischemia >60 rain/24 h was observed in 34 of the 41 
group 1 patients (sensitivity 83%) but in only 16 of the 63 group 2 
patients (specificity 75%). High risk coronary artery lesions (left 
main coronary artery disease or complex stenosis) were detected 
in 36 of the 41 group 1 patients and in 26 of the 63 group 2 
patients. 
Conclusions. Transient myocardial ischemia detected by Holter 
monitoring, but not chest pain, is the best predictor of unfavor- 
able short-term clinical outcome. The decision to perform early 
angiography and revascularization cannot be based on symptoms 
alone. 
(J Am Coil Cardiol 1995;25:597- 604) 
Our current understanding of the pathophysiology and natural 
course of unstable angina suggests that the window of oppor- 
tunity is narrow and that a reduction in the delay from 
admission to aggressive treatment could have a major impact 
on reducing overall morbidity and mortality (1). However, 
previous studies using bypass surgery showed that coronary 
revascularization achieves short- and long-term outcomes 
equal to those of conservative strategies in which surgery is 
indicated only if ischemia occurs at the time of predischarge 
exercise testing (2). Why, then, has the promising concept of 
prophylactic revascularization not been proved valid? The 
most likely explanation is that it should be performed only 
"when it counts," that is, in those patients who are truly at high 
risk of developing subsequent coronary events. In other terms, 
routine early revascularization exposes all patients to certain 
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risks not associated with a conservative strategy (3), and these 
might compromise any potential benefit of an aggressive 
management in specific subsets of patients with unstable 
angina. 
The challenge, therefore, is to achieve a clear understand- 
ing of the factors influencing a reasonably good or bad 
prognosis in unstable angina. Accordingly, the purpose of the 
present study was to assess prospectively the clinical, electro- 
cardiographic (ECG) and angiographic features that could 
provide early indications of a high risk of impending infarction 
and, thus, of the need for ongoing early coronary angiography 
and possible revascularization. 
Methods  
Patients. We prospectively studied 104 consecutive pa- 
tients admitted to our coronary care unit from November 1989 
to July 1992 for treatment of unstable angina. We defined 
unstable angina as: 1) new onset angina (within 1 month); 
2) worsening angina (progressive ffort angina sufficiently 
severe to warrant hospital admission); 3) angina at rest. Pain 
and ST segment changes (->0.15 mV) on a 12-lead ECG were 
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the coronary care unit entry criteria for all patients. Criteria for 
exclusion from the study were 1) age ->75 years, 2) uninter- 
pretable ECG, 3) probability of adverse outcome owing to 
concomitant onmyocardial disease, and 4) severe heart fail- 
ure. Exclusion of patients with severe heart failure was based 
on the following considerations: 1)An ejection fraction <-40% 
is an independent predictor of unfavorable outcome in patients 
with unstable angina (1); 2) in the setting of left ventricular 
dysfunction the remaining viable contractile elements could be 
vulnerable to the cardiodepressant effects of calcium channel 
blocking agents. These factors would have made it ditticult o 
use a standard rug treatment in all patients. Patients who 
showed increased serum levels of cardiac enzymes within the 
1st 12 h of admission were classified as having myocardial 
infarction and removed from the study (4). All patients were 
initially treated with a standard medical regimen: intravenous 
nitroglycerin (10 to 60 txg/min); oral calcium channel blockers 
(verapamil, 240 to 360 mg/day); oral beta-adrenergic block- 
ing agents (propranolol, 60 to 240 rag/day); oral aspirin 
(325 rag/day) and subcutaneous calcium heparin (15,000 IU). 
No patient had bradycardia orventricular dysfunction during 
medical therapy. The patients were followed up for 1 month to 
determine the occurrence of death, myocardial infarction or 
revascularization. 
ST segment monitoring. Most (88 of 104) of the patients 
underwent 48-h Holter ambulatory ECG monitoring. Only the 
initial 24-h recordings were used for the analysis. ST segment 
monitoring was begun a mean _+ SD of 8 + 7 h after the 
qualifying episode of chest pain. We used a two-channel Holter 
system (Applied Cardiac System 8300 frequency modulated 
recorders; frequency response 0.05 to 100 Hz). The two leads 
showing the most pronounced reversible ischemic hanges on 
the initial qualifying 12-lead ECG were selected for analysis. 
Recordings were printed in a mini-ECG format by a Telemed 
Saturn 3200 analyzer. Tracings were read by investigators 
without knowledge of the clinical data. Only episodes lasting 
->60 s and with ->0.15 mV of ST segment shift were considered 
for analytic purposes. All recordings were performed while 
patients were resting in bed. Holter monitor esults were not 
used to influence clinical decisions regarding management and 
drug therapy. Patients and attending nurses kept a careful 
diary of symptoms. A scoring system was used to estimate the 
severity of symptoms. This scoring system was developed 
before the study was started and was partially based on 
previous observations (5) made during therapeutic trials in 
patients with unstable angina. 
Coronary angiography. Selective coronary angiography 
was performed within 1 week from admission. The severity and 
morphologic features of coronary artery stenosis were ob- 
served in multiple views. The end-diastolic ine frames were 
analyzed by two observers who were experienced in anglo- 
graphic interpretation a d had no knowledge of the clinical 
data. Differences were mediated by consensus. A stenosis 
->50% was considered significant. Complex angiographic mor- 
phology was defined as any significant asymmetric stenosis 
having irregular borders, overhanging edges or intraluminal 
thrombus (6). Correlation between ECG changes during an- 
gina and coronary anatomy at angiography has been described 
elsewhere (6). No patient had stenosis <50% associated with 
complex coronary morphology. Accordingly, patients with cor- 
onary narrowing <50% were grouped together as having 
normal or near normal arteries. Arteriograms were performed 
before the coronary event in all patients. Inability to obtain an 
arteriogram before an event excluded apatient from the study. 
Unfavorable outcome. Unfavorable hospital outcome was 
defined as cardiac death, myocardial infarction or need for 
urgent aortocoronary b pass grafting or percutaneous translu- 
minal coronary angioplasty. Although silent ischemia seems to 
add prognostic information, invasive therapy is still reserved 
for patients with severe symptoms. Accordingly, emergency 
revascularization was offered to the patient by the attending 
cardiologist if angina was not controlled by medical therapy 
and if the patient had 1) recurrent chest pain with accompa- 
nying ECG changes of ischemia despite complete bed rest and 
medical regimen for ->3 days after the 1st 24 h in the coronary 
care unit, and 2) critical (stenosis ->70%) coronary artery 
disease. Clinical outcome at 1 month was favorable in all 
patients who underwent emergency revascularization. 
Statistical analysis. Continuous data were expressed as 
mean value _+ SD and were compared by Student  test for 
unpaired ata and by Mann-Whitney test when appropriate. 
Qualitative features were expressed as a percent and were 
analyzed by the chi-square test with the Yates correction 
method. The Fisher exact test was also applied when appro- 
priate. A model of logistic regression was then chosen for 
multivariate analysis. This method allows prediction in the 
likelihood of an event, that is, the occurrence of a coronary 
event in the present study, from measurements of both para- 
metric and nonparametric variables. Variables were included 
stepwise in order of decreasing p values. Variables elected by 
multivariate analysis were then divided into high and low risk 
to construct actuarial curves for coronary events, which were 
estimated by using the Kaplan-Meier product limit estimator 
and tested for homogeneity with the log-rank and Wilcoxon 
tests. Statistical tables were used to determine the significance 
of results. A p value < 0.05 was considered statistically 
significant. 
Resu l ts  
During the hospital stay, 41 patients (group 1) had a 
subsequent coronary event (5 patients died, 14 had a nonfatal 
myocardial infarction and 22 underwent urgent coronary re- 
vascularization). The remaining 63 patients (group 2) had a 
favorable clinical outcome. Of the 19 patients who had a fatal 
or nonfatal acute myocardial infarction, 2did so in the 1st 24 h 
after admission, and 15 developed fatal (n = 3) or nonfatal 
(n = 12) infarction 2 to 6 days later; the remaining 2 patients 
had sudden, unexpected death due to infarction 15 to 20 days 
after hospital admission. The clinical characteristics ofthe 104 
patients constituting the study population and the details of 
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Table 1. Percent Distribution of Clinical Variables and Drug 
Dosages in Patients Admitted to the Coronary Care Unit for 
Unstable Angina 
Group 1: 
Subsequent Group 2: 
All Coronary Favorable 
Patients Events Outcome 
(n = 104) (n - 41) (n 63) 
P 
Value 
Age (yr) 59 +_ 7 60 + 6 58 _+ 8 
Male (%) 87% 88% 86% 
Diabetes (%) 16% 20% 14% 
Smokers (%) 39% 36% 41% 
Hypertension (%) 26% 29% 24% 
Prior infarction (%) 29% 24% 32% 
Pattern of angina at 
presentation 
Recent onset 21 (20%) 3 (7%) 18 (29%) 
Worsening 27 (26%) 14 (34%) 13 (21%) 
Rest 35 (34%) 14 (34%) 21 (33%) 
Postinfarction 21 (20%) 10 (24%) 11 (17%) 
In-hospital therapy 
(dose) 
Nitroglycerin, i,v. 31 _+ 14 35 _+ 13 29 _+ 26 
(t~g/min) 
Propranolol 138 _+ 38 132 _+ 41 143 _* 36 
(m~,'day) 
Verapamil 268 _+ 55 275 _+ 61 263 _+ 52 
(rag/day) 
Aspirin (mg/day) 325 325 325 
Calcium 15,000 15,000 15,000 
heparin, s.c. 
(IU/day) 
< 0.02 
Unless otherwise indicated, data presented are mean value _+ SD or number 
(%) of patients, i.v. = intravenous; .c. = subcutaneous. 
antianginal therapy given in the coronary care unit are shown 
in Table 1. 
Angina diaries. Patients who had no pain in the coronary 
care unit had a lower (p < 0.05) coronary event rate than did 
those with pain (Table 2). Recurrence of chest pain after the 
hospital period was observed in 76% of patients and was not 
related to prognosis: It occurred in 36 of the 41 group 1 
patients (sensitivity 88%) and in 43 of the 63 group 2 patients 
(specificity 32%). A scoring system was therefore developed to 
estimate the severity of angina. Four variables were computed: 
frequency, persistence, duration of angina and length of pain- 
free intervals. Frequency of angina was not related to progno- 
sis. Conversely, the length of pain-free interval and the dura- 
tion of episodes of angina were correlated with a higher 
incidence of subsequent coronary events during the hospital 
stay (Table 2). A pain-free interval of <1 h (5) was detected in
10 of the 41 group 1 patients (sensitivity 24%) and in 5 of the 
63 group 2 patients (specificity 92%). Similarly, prolonged 
(>15 rain) episodes of angina were found in 15 of the 41 group 
1 patients (sensitivity 37%) and in 5 of the 63 group 2 patients 
(specificity 92%). Persistence of chest pain for ->3 days was 
highly specific (90%) but not sensitive (17%) for detecting 
evolution toward subsequent coronary events. However, data 
Table 2. Prognostic Significance of the Presence and Characteristics 
of Symptoms in Patients With Unstable Angina 
Group 1: 
Subsequent Group 2: 
All Coronary Favorable 
Patients Events Outcome p 
(n = 104) (n - 41) (n = 63) Value 
Recurrent angina 79 (76%) 36 (88%) 43 (68%) < 0.05 
Frequency of angina 
Max episodes/day 1.7 +_ 2.0 2 _+ 1.4 1.5 _+ 1.8 
(no.) 
Patients with 
->4 episodes/day 18 (17%) 10 (24%) 8 (13%) 
2-3 episodes/day 34 (33%) 13 (32%) 21 (33%) 
-<1 episode/day 52 (50%) 18 (44%) 34 (54%) 
Persistence of angina 
Mean (days) 1.6 _+ 1.9 1.9 -+ 1.8 1.4 _+ 1.0 
Patients with 
>3 days 13 (13%) 7 (17%) 6 (10%) 
2 days 28 (27%) 12 (29%) 16 (25%) 
-<1 day 63 (60%) 22 (54%) 41 (65%) 
Max duration of 
anginal episodes 
Mean (rain) 11 _+ 13 14 + 11 9 +_ 7 < 0.005 
Patients with 
>15 rain 20 (19%) 15 (37%) 5 (8%) < 0.005 
10-15 min 35 (34%) 11 (27%) 24 (38%) 
< 10 rain 49 (47%,) 15 (37%) 34 (54%) 
Minimal pain-free 
interval 
Mean (h) 4.6 _+ 1 4.1 _+ 3.2 5.7 + 4.0 < 0.05 
Patients with 
<1 h 15 (14%) 10 (24%) 5 (8%) < 0.05 
1-3 h 32 (31%) 14 (34%) 18 (29%) 
>3 h 57 (55%) 17 (41%) 40 (63%) 
Data presented are mean value _+ SD or number (%) of patients. Max = 
maximal. 
concerning the persistence of chest pain, have to be inter- 
preted cautiously, because this criterion was also used to 
determine the need for intervention. As a result, the impact of 
this variable on prognosis may be overestimated. 
Holter monitoring. In most patients (97% in group 1 and 
90% in group 2), Holter ambulatory ECG monitoring showed 
at least one episode of transient myocardial ischemia in the 1st 
24 h. Silent ischemia was largely represented in the overall 
study group (69% and 82% of episodes in group 1 and group 
2, respectively). The mean daily number of ST shifts/patient 
in group 1 was significantly (p < 0.02) different from that 
recorded in group 2 (7.9 _+ 14.2 vs. 4.1 _+ 5.6 ST segment 
depression, and 3.8 _+ 6.9 vs. 1.1 _+ 1.8 ST elevation). Also, the 
mean duration per 24 h of the overall ischemic episodes 
(including both ST elevation and depression) was different 
(i.e., consistently [p < 0.001] greater in group 1 than in group 
2 [Table 3]). Kaplan-Meier analysis demonstrated that patients 
with a duration of ischemia ->60 min/24 h had a significantly 
(p < 0.0005) higher cumulative probability of subsequent 
coronary events. Accordingly, a cumulative duration of isch- 
emia ->60 min/24 h (7,8) was detected in 34 of the 41 group 1 
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Table 3. In-Hospital Holter Ambulatory Electrocardiographic Data 
in Patients With Unstable Angina 
Group 1: 
Subsequent Group 2: 
All Coronary Favorable 
Patients Events Outcome 
(n - 104) (n - 41) (n - 63) 
P 
Value 
Pain during ECG 57 (55%) 27 (66%) 30 (48%) 
monitoring 
ST segment shift 
ST elevation 38 (37%) 18 (44%) 20 (32%) 
ST depression 45 (43%) 16 (39%) 29 (46%) 
Both 21 (20%) 7 (17%) 14 (22%) 
Ischemic episodes 
No./24 h 7.8+8.2 11.7- + 13.3 5.2+4.7 <0.02 
Max duration (min) 18.7 - 16.3 27.0 + 21.0 13.3 -+ 14.2 < 0.01 
Mean duration (min) 7.9 -+ 9.1 8.4 -+ 11.9 7.5 -+ 6.9 
Total duration of 
transient myocardial 
ischemia t 
admission 
Mean duration 62 + 67 98 _+ 100 39 + 37 < 0.001 
(rain/24 h) 
Patients with >60 min/ 50 (48%) 34 (83%) 16 (25%) < 0.001 
24 h 
Data presented are mean value _+ SD or number (%) of patients. ECG - 
ambulatory electrocardiographic. 
patients (sensitivity 83%) but in only 16 of the 63 group 2 
patients (specificity 75%). 
Coronary angiography (Table 4). Normal or nearly normal 
coronary arteries were observed in 10 patients (2 in group 1 
and 8 in group 2). Extension of coronary artery disease, 
expressed by the number of arteries with stenosis ->50%, did 
not differ between groups 1 and 2. Conversely, the mean 
narrowing of the ischemia-related artery was greater in group 
1 than in group 2 (85 _+ 14% vs. 70 + 22%, p < 0.001). 
Significant left main coronary artery disease was detected in 
five patients (four in group 1 and one in group 2, p = NS). 
Morphologic analysis of coronary angiograms revealed the 
presence of a complex stenosis in 32 of the 41 group 1 patients 
but in only 25 of the 63 patients in group 2 (p < 0.001). Patients 
were then classified (1,6,8) as having: 1) a high risk coronary 
lesion (i.e., significant left main coronary artery disease or 
complex coronary stenosis morphology), or 2) a low risk 
coronary lesion (i.e., smooth regular coronary stenoses or 
normal coronary arteries). A high risk coronary lesion was 
detected in36 of the 41 group 1 patients (sensitivity 88%) and 
in 26 of the 63 group 2 patients (specificity 59%, p < 0.001). 
Relations among myocardial ischemia, symptoms and an- 
giographic features. Multivariate analysis showed that the 
cumulative duration of ischemia/24 h (beta coefficient = 0.003, 
p < 0.005) and the presence of a high risk coronary lesion 
(beta coefficient = 0.328, p < 0.01) were the only two variables 
independently associated with a poor prognosis. Kaplan-Meier 
analysis demonstrated that the association of sustained tran- 
sient myocardial ischemia (->60 rain/24 h) with high risk 
coronary stenosis (Fig. 1 ) was highly predictive of unfavorable 
Table 4. Coronary Angiographic Data in Patients With 
Unstable Angina 
Group 1: 
Subsequent Group 2: 
All Coronary Favorable 
Patients Events Outcome 
(n = 104) (n = 41) (n 63) 
P 
Value 
Mean % IRA 76 _+ 28% 85 _+ 14% 70 _+ 22% < 0.001 
stenosis 
Narrowing of CA 94 (90%) 39 (95%) 55 (87%) 
>50% 
One-vessel CAD 36 (35%) 18 (44%) 18 (29%) 
Two-vessel CAD 28 (27%) 10 (24%) 18 (29%) 
Three-vessel CAD 30 (29%) 11 (27%) 19 (30%) 
Mean ejection 65% 64% 66% 
fraction (%) 
High risk coronary 62 (60%) 36 (88%) 26 (41%) < 0.001 
lesion 
LM CAD 5 (5%) 4 (10%) 1 (2%) 
Complex stenosis 57 (55%) 32 (78%) 25 (40%) < 0.001 
morphology 
Low risk coronary 42 (40%) 5 (12%) 37 (59%) < 0.001 
lesion 
No complex 32131%) 3 (7%) 29 (36%) < 0.001 
morphology, 
Normal CA 10 (10%) 2 (5%) 8 (13%) 
Unless otherwise indicated, data presented are mean value + SD or number 
(%) of patients. CA - coronary arteries; CAD - coronary artery disease; IRA 
ischemia-related artery; LM = left main stem. 
prognosis (sensitivity 80%, specificity 89%, p < 0.0005 [Table 
5]). Association between symptoms predictive of subsequent 
event (pain-free intervals of <1 h and episodes of angina of 
>15 rain duration) and high risk coronary lesions was specific 
(97%) but not sensitive (34%) in predicting an adverse prog- 
nosis. 
Fourteen of the 15 group 1 patients who showed a pattern 
of symptoms specific for the prediction of coronary events had 
->60 rain/24 h of ischemia. Another 20 group 1 patients had 
>--60 rain/24 h of ischemia but symptoms imilar to those 
experienced by patients with a good outcome (Fig. 2). High 
risk coronary lesions were found in the majority of patients (40 
of 50) presenting with ->60 min/24 h of ischemia, but they were 
also found in a substantial portion of patients (22 of 54) having 
<60 min/24 h of ischemia. The incidence of high risk coronary 
lesions in group 1 patients was similar in those who developed 
fatal or nonfatal myocardial infarction (18 of 19) and in those 
who underwent urgent revascularization (18 of 22) (Fig, 3). 
Hard end points. We analyzed the results of this investiga- 
tion using only the following end points: nonfatal myocardial 
infarction (14 patients) and death (5 patients). The 19 patients 
with these nd points had a significantly onger duration of ST 
shift than did patients without hese end points (79 _+ 11 vs. 
46 + 20 min, p < 0.001). All 19 had a cumulative duration of 
myocardial ischemia ->60 rain/24 h, and few had symptoms 
predictive of subsequent coronary events (2 had a pain-free 
interval of <1 h and five had chest pain episodes lasting 
>15 min). 
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Discussion 
The presence or absence of chest pain has traditionally 
been used to guide management and therapy of unstable 
angina (1,5,9). However, because quantitative valuation of 
symptoms has a subjective component, its use may not clarify 
how to establish risk adequately in individual patients. In the 
present study, patients without recurrent chest pain had a 
lower coronary event rate than did those with pain. However, 
recurrent angina, defined as the occurrence of one or more 
anginal episodes during the hospital stay, was observed in 76% 
of patients (79 of 104) regardless of prognosis (36 had subse- 
quent coronary events and 43 had a good outcome). Our study 
was therefore directed to assess the severity of angina, not 
simply its presence or absence. 
Severity of angina was numerically scored; scores were 
based on frequency and persistence of pain, duration of each 
single episode of angina and length of pain-free intervals. We 
Table 5. Prognostic Significance of Different Clinical, 
Electrocardiographic and Angiographic Variables for Identifying 
High Risk Patients With Unstable Angina 
Positive Negative 
Predictive Predictive 
Sensitivity Specificity Value Value 
(%) (%) (~) (%) 
Recurrent angina 88 32 46 80 
Duration of anginal 37 92 75 69 
episodes >15 rain 
Pain-free interval 24 92 67 65 
<1 h 
Duration of TMI 83 75 68 87 
->60 min/24 h
High risk corona~ 88 59 58 88 
lesion 
Duration of TMI 80 89 83 88 
->60 rain/24 h
and high risk 
coronary lesion 
TMI = transient myocardial schemia. 
found that both the length of the pain-free interval (<1 h) and 
the duration (>15 rain) of episodes of angina correlated with 
a higher incidence of subsequent coronary events. However, on 
the basis of this estimation, 19% of patients could be grouped 
as at high risk and 81% as at low risk, whereas many more 
patients (39%) actually developed an unfavorable clinical 
course and far fewer (61%) had a good outcome. It follows that 
a pain-free interval of < 1 h or the occurrence of angina lasting 
> 15 min, or both, had a high specificity but a low sensitivity for 
identifying patients with a future coronary event (Table 5). 
In this investigation, 22 patients crossed over to surgical 
treatment because angina persisted for >3 days despite inten- 
sive medical treatment. It is ditficult to provide an unbiased 
assessment of this criterion on prognosis, because the same 
criterion was used to determine the need for intervention. 
However, removal of these patients from the study could have 
had a serious impact on the analysis because it would have led 
to underestimation f the effect of severe angina on outcome. 
We, therefore, did not exclude those patients who crossed over 
to surgical procedures and, as a result, our study combined 
such diverse end points as fatal or nonfatal myocardial infarc- 
tion and coronary bypass surgery. Association of end points 
should be interpreted with great caution, because risk factors 
leading to individual outcomes could be quite different. In 
other terms, the study could have identified as a significant 
predictor of prognosis a factor that was primarily used to select 
patients for surgery but had no real effect on myocardial 
infarction or death. 
To circumvent his problem, we tried to analyze other 
objective secondary end points obtained from quantitative and 
qualitative analysis of coronary angiograms. Eighteen of the 22 
patients who underwent revascularization showed high risk 
coronary lesions: left main coronary artery disease or irregular 
eccentric stenosis. The relation of significant left main disease 
to mortality is well established (1). Lesion irregularity possibly 
represents endothelial disruption that promotes thrombus 
formation with subsequent myocardial infarction (6). The 
prevalence (18 of 19) of these lesions was similar in the 
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patients who developed fatal or nonfatal myocardial infarction 
a few days after hospital admission. It therefore seems likely 
that patients who underwent urgent revascularization and 
those who developed myocardial infarction had the same 
underlying pathophysiologic background. This could represent 
the common denominator f different primary end points, such 
as myocardial infarction and urgent revascularization. We 
conclude that most patients presenting with unstable angina 
have a recurrence of ischemic pain after hospital admission. In 
these patients the coronary event rate is poorly related to the 
quantitative evaluation of symptoms. Presence of prolonged 
episodes of angina, brief pain-free intervals and, perhaps, 
persistence of symptoms are highly specific but not sufficiently 
sensitive criteria for detecting acute coronary syndromes evolv- 
ing toward myocardial infarction. 
Transient myocardial ischemia. A more appropriate ap- 
proach to identifying high risk patients could be provided by 
Holter ambulatory ECG monitoring. A cumulative duration of 
ischemia ->60 min/24 h was observed in 34 of the 41 patients 
having subsequent coronary events but in only 16 of the 63 
patients having a good outcome. The results of Holter moni- 
toring were not used to influence clinical decisions regarding 
management and drug therapy. It is therefore noteworthy that 
analysis of data from subsequent coronary angiograms showed 
that the presence of high risk coronary lesions (complex 
coronary stenosis morphology due to plaque disruption or 
significant left main coronary artery disease) was strongly 
associated with the occurrence of a greater duration of isch- 
emia. Also, it was remarkable that the duration of ECG 
changes (->60 rain/24 h) occurring early after admission ot 
only correlated with subsequent major events (death or myo- 
cardial infarction) during the hospital stay but also identified 
those patients who developed subsequent persisting angina 
(>3 days) requiring early intervention. Only 1 of the 15 
patients who showed a pattern of symptoms pecific for the 
prediction of subsequent events (pain-free interval <1 h, 
prolonged episodes of angina >15 rain) had <60 minutes of 
ischemia on 24 h of continuous ECG monitoring on admission. 
In contrast, 20 patients later developing subsequent events did 
not differ clinically from those who showed a good outcome 
but were identified by duration of ischemia on Holter moni- 
toring. We conclude that ambulatory ECG monitoring in 
patients with recurrent episodes of angina after admission 
provides prognostic information above and beyond that ob- 
tained by using the standard risk stratification variables based 
on quantitative evaluation of chest pain (Table 5). Additional 
studies of more stringent design (10) are needed to compare 
prospectively different Holter-guided treatment s rategies for 
their effects on adverse outcome. 
Myocardial infarction in the initial 24 h. Patients who 
develop myocardial infarction in the 1st 24 h represent the 
highest risk category. In our study, patients who manifested 
increased serum cardiac enzymes within the 1st 12 h after 
hospital admission were classified as having had a myocardial 
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Figure 3. Relation among prognosis, duration of 
ischemia at admission a d the presence ofa high risk 
coronary lesion (left main coronary artery disease or 
complex coronary stenosis morphology, or both)• 
Symbols as in Figure 4. See text for explanation. 
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infarction before admission (4) and thus were removed from 
the study. Only two patients who were considered to have 
unstable angina on admission had a myocardial infarction 
during the 1st 24 h. One of these patients had recurrent 
episodes of angina with pain-free intervals of <1 h; the other 
had chest pain due to unexpected myocardial infarction. No 
significant prognostic information was obtained from the anal- 
ysis of Holter monitoring in these two patients. 
From angiography torevascularization. The present study 
confirms the relation of acute myocardial infarction to unstable 
plaque and certain morphologic features (11-13). Exactly how 
this observation should affect guidelines for early revascular- 
ization is not clear• Because arly interventions are associated 
with a threefold increase in mortality (14), the preferred 
strategy isto defer evascularization u til plaque has stabilized, 
that is, 2 to 4 weeks after symptoms develop (15). However, 
this strategy may not be valid for all patients. In our series, 15 
of the 19 patients who had a fatal or nonfatal myocardial 
infarction did so 2 to 6 days after admission. If these high risk 
patients had been identified, they might have undergone 
coronary revascularization early enough to prevent myocardial 
infarction. 
Lesion irregularity itself cannot be considered crucial to 
clinical decision making because it is found in 40% of patients 
having a good short-term clinical outcome. Therefore, imme- 
diate coronary revascularization in all persons exhibiting sig- 
nificant coronary stenosis as well as complex coronary mor- 
phology would expose many of these patients to the risks of an 
unnecessary procedure. A more useful marker might be the 
combination of several clinical variables measuring different 
aspects of the same underlying pathophysiologic phenomena. 
For instance, the presence of prolonged episodes of angina, 
pain-free intervals of <1 h, a duration of ischemia ->60 
rain/24 h and complex coronary morphology with or without 
angiographically detectable thrombus all measure different 
aspects of the activity of the underlying plaque• Plaque activa- 
tion presumably implies changes in its morphology (16), its 
cellular composition including inflammatory cells (17) and its 
biochemistry that cannot be recognized with angiography 
alone. Accordingly, the full importance ofplaque disruption as 
a prognostic factor might be overlooked by considering a 
clinical index that combines the information provided by 
symptoms, electrocardiography andangiography. Detection of 
high risk coronary lesions in patients presenting with ischemia 
->60 min/24 h was both specific (89%) and sensitive (80%) for 
individuating acute coronary syndromes evolving toward myo- 
cardial infarction. Observation of high risk coronary lesions in 
patients exhibiting angina with pain-free intervals of < 1 h or 
prolonged episodes of chest pain (>15 rain) was highly specific 
(97%) but less sensitive (22%) for predicting subsequent 
coronary events. 
Limitations of the study. This study analyzes the strength 
of a continuous prognostic factor--that is, transient myocar- 
dial ischemialby setting an arbitrary cut point and classifying 
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patients into subgroups with values above and below this point. 
Although this technique ishelpful to facilitate drawing survival 
curves, it discards additional prognostic information and may 
weaken the potential prognostic information of this variable. 
Ischemia is described as having a duration >60 rain/24 h or 
<60 min/24 h. Classifying patients in this fashion implies that 
a duration of ischemia of 59 rain has the same prognostic 
impact as a duration of 1 rain, which may be a risky assump- 
tion. Further studies may clarify whether adifferent analysis of 
Holter recordings may give better prognostic information. 
Conclusions. Our study emphasizes the use of 24-h Holter 
monitoring as a guideline for performing emergency angiogra- 
phy and possible revascularization. Our data do not indicate 
that all patients hould be discharged from the coronary care 
unit after 24 h if they do not have evidence of a duration of 
ischemia ->60 rain. Some patients may have persisting episodes 
of angina or silent isehemia of <60 rain duration and should 
remain in the coronary care unit receiving continued titration 
of medications and delayed cardiac catheterization. Con- 
versely, our findings do indicate that the decision for early 
angiography cannot rely on symptoms alone. If, despite 24 h of 
intensive drug therapy, patients continue to have angina with 
<1 h of pain-free intervals, episodes of chest pain lasting 
>15 rain or ->60 rain of transient myocardial ischemia, treat- 
ment can be regarded as ineffective, and they should undergo 
immediate catheterization to determine the type of coronary 
lesion representing the underlying cause of ischemia. In the 
presence of significant left main coronary artery disease or 
complex coronary morphology, myocardial revascularization 
should be attempted without delay because progression to 
myocardial infarction usually occurs oon after hospital admis- 
sion. 
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